Finite element (FE) 
INTRODUCTION
From the point of view of solid mechanics, the deformation of a plate subjected to transverse and / or in plane loading consists of two components: flexural deformation due to rotation of cross -sections, and shear deformation due to sliding of section or layers. The resulting deformation depends on two parameters: the thickness to length ratio and the ratio of elastic to shear moduli. When the thickness to length ratio is small, the plate is considered thin, and it deforms mainly by flexure or bending; whereas when the thickness to length and the modular ratios are both large, the plate deforms mainly through shear. Due to the high ratio of inplane modulus to transverse shear modulus, the shear deformation effects are more pronounced in the composite laminates subjected to transverse and / or in -plane loads than in the isotropic plates under similar loading conditions. and as shown in Figure 2 .1b. The in -plane displacements and , can be expressed in terms of the out -ofplane displacement as shown below.
(a) (b)
Figure 2.1
The strain -displacement relations according to the large deformation theory are:
These can be written as:
Where, [ ] and and represent the linear and non -linear parts of the strain, i.e.
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The virtual linear strains can be written as:
* +
The virtual linear strains energy ∫ Where denotes volume The stress -strain relations, Where are the material properties given in Appendix (A). Substitute the above equation in equation (5) .
∫

Now express
in terms of the shape functions N (given in Appendix (B)) and nodal displacements , equation (2) can be written as:
Where,
* +
Hence equation (6) 
The elements of the differential matrix are obtained from equation (10) which when expanded becomes:
The integrals in equations (13) and (14) are given in Appendix (C). We use a 4 -noded element as shown in Figure 2 .2 below.
Figure 2.2 From the shape functions for the 4 -noded element expressed in global coordinates
. We take:
The shape functions in local coordinates are as follows:
Where The coefficients are given in Appendix (B). In the analysis, the following nondimensional quantities are used:
BOUNDARY CONDITIONS
All of the analyses described in the present paper have been undertaken assuming the plate to be subjected to identical and/ or different support conditions on the four edges of the plate. The three sets of the of the edge conditions used here are designated as clamped -clamped (CC), simply -simply supported (SS), clamped -simply supported (CS), are shown in table 3.1 below. 
VALIDATION OF THE FINITE ELEMENT (FE) PROGRAM
In order to check the validity, applicability and accuracy of the present FE method, many comparisons were performed. The comparisons include theoretical, ANSYS simulation and experimental results.
Comparisons with Theoretical Results
In table 4.2 the non -dimensional critical buckling load is presented in order to compare with References [3] , [4] and [5] for an isotropic plate of material 1 with different aspect ratios. As the table shows, the present results have a good agreement with References [3] , [4] and [5] . Table 4 .3 below shows the effect of plate aspect ratio and modulus ratio on non -dimensional critical loads ̅ of rectangular laminates under biaxial compression. The following material properties were used: material 2:
. It is observed that the non -dimensional buckling load increases for symmetric laminates as the modular ratio increases. The present results were compared with Osman [6] and Reddy [7] . The verification process showed good agreement especially as the aspect ratio increases and the modulus ratio decreases. Table 4 .4 shows the effect of plate aspect ratio, and modulus ratio on non -dimensional critical buckling loads ̅ of simply supported (SS) antisymmetric cross -ply rectangular laminates under biaxial compression. The properties of material 2 were used. It is observed that the non -dimensional buckling load decreases for antisymmetric laminates as the modulus ratio increases. The present results were compared with Reddy [7] . The validation process showed good agreement especially as the aspect ratio increases and the modulus ratio decreases. Table 4 .5 below shows the effect of plate aspect ratio, and modulus ratio on non -dimensional critical buckling loads of simply supported (SS) antisymmetric angle -ply rectangular laminates under biaxial compression. The properties of material 2 were used. It is observed from table 4.5 that the prediction of the buckling loads by the present study is closer to that of Osman [6] and Reddy [7] . In tables 4.6 and 4.7, the buckling loads for symmetrically laminated composite plates of layer orientation (0/ 90/ 90/ 0) have been determined for three different aspect ratios ranging from 0.5 to 1.5 and two modulus ratios 40 and 5 of material 2. It is observed that the buckling load increases with increasing aspect ratio for biaxial compression loading. The buckling load is maximum for clamped -clamped (CC), and clamped -simply supported (CS) boundary conditions, while minimum for simply -simply supported (SS) boundary conditions. It is seen from tables 4.6 and 4.7 that the values of buckling loads by the present study is much closer to the of Osman [6] . 
Comparisons with the Results of ANSYS Package
ANSYS is a general-purpose finite element modeling package for numerically solving a wide variety of mechanical problems. These problems include: static/ dynamic structural analysis (both linear and non -linear), heat transfer and fluid problems, as well as acoustic and electromagnetic problems. The problem of buckling in ANSYS is considered as static analysis.
To validate the present results with ANSYS, the present results were converted from its non -dimensional form to the dimensional form by using the formula ̅ . The E -glass/ Epoxy material is selected to obtain the numerical results for the comparisons. The mechanical properties of this material (material 3) is given in table 4.10 below.
Table 4.10 Mechanical Properties of the E -glass/ Epoxy material (material 3)
Property Value
0.28
Tables 4.11 to 4.14 shows comparisons between the results of the present study and that simulated by ANSYS technique. Table  4 .11 shows the effect of boundary conditions on dimensional buckling loads of symmetric angle -ply (30/ -30/ -30/ 30) of square thin laminates ( ) under biaxial compression. The properties of material 3 in table (4.10) were used. Small differences were shown between the results of the two techniques. The difference ranges between 0.6% to less than 2%. It is observed that as the mode serial number increases, the difference increases. The same behavior of buckling load of both techniques applies to symmetrically laminated composite plates of the order (45/ -45/ -45/ 45), (60/ -60/ -60/ 60) and (0/ 90/ 90/ 0) shown in tables (4.12), (4.13) and (4.14).
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Comparisons with Experimental Results
Many numerical and mathematical models exist which can be used to describe the behavior of a laminate under the action of different forces. When it comes to buckling, a mathematical model can be developed which is used to model the phenomenon of buckling. But numerical methods become complicated as the number of assumptions and variables increase. Also, once the model is formed, it takes a lot of time to solve the partial differential equations and then arrive to the final result. This process becomes very cumbersome and time consuming. In view of the above-mentioned limitations, experimental methods are followed. The experimental process needs less time and less computational work. Also, the results obtained in experiments are fairly close to that which is obtained theoretically. The composites have two components. The first is the matrix which acts as the skeleton of the composite and the second is the hardener which acts as the binder for the matrix. The reinforcement that was used for the present study was woven glass fibers. Glass fibers are materials which consist of numerous extremely fine fibers of glass. The hardener that utilized was epoxy which functions as a solid cement to keep fiber layers together.
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To
2. A clean plastic sheet was taken and the mold releasing spray was sprayed on it. After that, a generous coating of the hardener mixture was coated on the sheet. A woven fiber sheet was taken and placed on top of the coating. A second coating was done again, and a second layer of fiber was placed, and the process continued until the required thickness was obtained. The fiber was pressed with the help of rollers. 3. Another plastic sheet was taken and the mold releasing spray was sprayed on it. The plastic sheet was placed on top of the fiber with hardener coating. 4. The plate obtained was placed under weights for a period of 24 hours. 5. After that the plastic sheets were removed and the plates separated. The buckling test rig for biaxial compression was developed in Tehran University of Science and Technology, College of Engineering, Iran. The frame was built using rectangular shaped mild steel channels. The channels were welded to one another and then the frame was prepared. A two-ton hydraulic jacks were assembled into the frame to provide the necessary hydraulic forces for biaxial compression of the plates. The setup can be easily assembled and disassembled. Thus, the setup offers flexibility over the traditional buckling setups. It is proposed to undertake some study cases and obtain experimental results of non -dimensional buckling of rectangular laminated plates subjected to in -plane biaxial Compressive loads. The plates are assumed to be either simply supported on all edges (SS), or a combined case of clamped and simply supported (CS), or clamped on all edges (CC). The effects of various parameters like material anisotropy, fiber orientation, aspect ratio, and edge conditions on the buckling load of laminated plates are to be investigated and compared with the present finite element results. The plates are made of graphiteepoxy material (material 3), and generally square with side and length to thickness ratio ( )=20. The required experiments are explained below: It is observed that the buckling load decreases with the increase in material anisotropy ( ). The present theoretical results were about 10% higher than the experimental values which is considered to be acceptable.
Experiment (2): Effect of Fiber Orientation
Symmetric and anti -symmetric cross -ply laminated plates (0/ 90/ 90/ 0) and (0/ 90/ 0/ 90) with length to thickness ratio ( ) are to be tested. The required number of plies is 8. The plate is simply supported (SS) on four edges. As shown in table 4.16 below, the theoretical buckling load was found to be 10% above the experimental value.
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Experiment (3): Effect of Aspect Ratio
The effect of aspect ratio on the buckling load is studied by testing cross -ply symmetric (0/ 90/ 90/ 0) laminates with length to thickness ratio ( . The aspect ratios 0.5, 1, 1.5 and 2.0 are to be tested. The required number of plies is 8. The plate is simply supported on four edges and the modulus ratio is taken to be ( ). As shown in table 4.17 below, the difference between the theoretical and experimental buckling was found to be about 10%. 
Experiment (4): Effect of Boundary Conditions
Cross -ply symmetric laminates (0/ 90/ 90/ 0) can be used to study the effect of the boundary conditions on the buckling load. The length to thickness ratio is taken to be ( ). The boundary conditions used are SS, CS and CC. The required number of plies is 8 and the modulus ratio ( ) is selected to be 40. As shown in table 4.18 below, the same difference between the theoretical and experimental results was observed. 
CONCLUSIONS
A Fortran program based on finite elements (FE) has been developed for buckling analysis of thin rectangular laminated plates using classical laminated plate theory (CLPT). The problem of buckling loads of generally layered composite plates has been studied. The problem is analyzed and solved using the energy approach, which is formulated by a finite element model. In this method, quadrilateral elements are applied utilizing a four noded model. Each element has three degrees of freedom at each node. The degrees of freedom are: lateral displacement ( ), and rotation ( ) and ( ) about the and axes respectively. 
Appendix (C)
The integrals in equations (13) and (14) In the above expressions where and are the dimensions of the plate in the x -and y -directions respectively.
and are the number of elements in the x -and y -directions respectively. Note that and where and are the normalized coordinates, and
